(+)-(18-Crown-6)-2,3,11,12-tetracarboxylic acid 1 ( Figure  1 ), which was first developed by Lehn and co-workers 1 has been successfully utilized as a very effective chiral selector for the enantioseparation by capillary electrophoresis. 2 The utilization of (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid 1 as a chiral selector of liquid chromatographic chiral stationary phases (CSPs) was also appeared in recent years. 3 For example, CSP 2 ( Figure 1 ) developed in our laboratory by bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid 1 to 3-aminopropylsilica gel was very successful in resolving various racemic primary amino compounds including α-and β-amino acids, 4 α-amino acid derivatives, 4,5 racemic amines, racemic amino alcohols 6 and racemic fluoroquinolone antibacterials. 7 CSP 2 intrinsically contains unreacted residual aminopropyl groups because the process of bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid 1 to 3-aminopropylsilica gel can not be complete. The unreacted residual aminopropyl groups of CSP 2 can be protonated under the acidic mobile phase condition and the resulting primary ammonium ions are expected to compete with the primary ammonium ions of analytes for the complexation inside the cavity of the crown ether ring of the CSP. The complexation of the primary ammonium ion of a racemic analyte inside the cavity of the crown ether ring of the CSP has been known to be essential for the chiral recognition. 8 In this instance, the chiral recognition behaviors of CSP 2 might be affected by protecting the unreacted residual aminopropyl groups of the CSP. However, the effect of the protection of the unreacted aminopropyl groups of CSP 2 on the chiral recognition behaviors has not been reported so far.
In order to elucidate the effect of the protection of the unreacted residual aminopropyl groups of CSP 2, in this study, we prepared new CSPs (CSPs 3, 4 and 5 in Figure 1 ) in which the unreacted residual aminopropyl groups were protected by acetyl, butyryl or pivaloyl group, respectively and compared the chiral recognition behaviors on CSP 2 with those on CSPs 3, 4 and 5. The chromatographic results for the resolution of selected one amino alcohol, two amines and four α-amino acids on CSPs 2, 3, 4 and 5 are summarized in Table 1 . As an example, Figure 2 shows the representative chromatograms for the resolution of phenylalanine on CSP 2, CSP 3, CSP 4 and CSP 5. All resolution results summarized in Table 1 and the chromatograms shown in Figure 2 were obtained with the use of 50% methanol in water containing 10 mM sulfuric acid as a mobile phase.
As shown in Table 1 and Figure 2 , the retention factors (k 1 ) on CSP 3 and CSP 4 are generally greater than those on CSP 2 while the retention factors (k 1 ) on CSP 5 are generally worse than those on CSP 2. Similarly, the resolution factors (R S ) on CSP 3 and CSP 4 are also generally greater than those on CSP 2 while the resolution factors (R S ) on CSP 5 are generally worse than those on CSP 2. In contrast, the separation factors (α) are usually worse on all of the three residual amino group-protected CSPs compared to those on CSP 2.
When the competition of the primary ammonium ions of the unreacted residual aminopropyl groups of CSP 2 with the primary ammonium ions of analytes for the complexation inside the cavity of the crown ether ring of the CSP is diminished by protecting the unreacted residual aminopropyl groups of the CSP, the retention factors are expected to increase on the residual amino group-protected CSPs. These expectations are indeed true on CSP 3 and CSP 4 as shown in Table 1 . However, when the protecting acyl group of the CSP is relatively bulky as in CSP 5, the retention factors even decrease. At the present time, we do not know why the retention factors on CSP 5 decrease compared to the retention factors on CSP 2. The protecting bulky acyl group (pivaloyl group in this case) of CSP 5 might hinder the effective formation of the diastereomeric complex of the primary ammonium ions of analytes inside the cavity of the crown ether ring of the CSP. In this instance, the retention factors should decrease.
When the unreacted residual aminopropyl groups of the CSP are protected by acyl group, the lipophilicity of the CSP increases and consequently the lipophilic interaction between the CSP and analytes is also expected to increase in aqueous mobile phase. The increased lipophilic interaction between the CSP and analytes might also be responsible for the enhanced retention factors on the residual amino groupprotected CSPs. The lipophilic interaction between the residual amino group-protected CSPs and analytes is expected to become more significant with longer or larger and consequently more lipophilic N-acyl protecting group of the CSP. In this instance, the lipophilic interaction between CSP 4 or CSP 5 and analytes should be greater than that between CSP 3 and anaytes and consequently the retention factors on CSP 4 and CSP 5 should be greater than on CSP 3. However, the chromatographic resolution results are not consistent with these expectations. In this instance, it is concluded that the increased lipophilicity of the CSP resulting from the protection of the unreacted residual aminopropyl groups of the CSP is not significant for the enhanced retention factors.
The retention behaviors of the two enantiomers for the resolution of 1-aminoindan are graphically illustrated in Figure 3 as an example. As shown in Figure 3 , both retention factors (k1 and k2) increase on CSP 3 and CSP 4. However, the ratio of the two retention factors (k2/k1) does not increase, but even decrease. Consequently, the separation factor (α) decreases on CSP 3 and CSP 4. In the case of CSP 5, both retention factors decrease and the ratio of the two retention factors also decreases quite much, the separation factor decreasing. However, as clearly shown in Figure 3 , the difference between the retention times denoted by the retention factors of the two enantiomers increases on CSP 3 and CSP 4 without peak broadening and consequently the resolution factor (RS) increases on CSP 3 and CSP 4. On the contrary, the difference between the retention times of the two enantiomers decreases quite much on CSP 5 and the resolution factor decreases.
In summary, the protection of the unreacted residual aminopropyl groups of CSP 2 was found to improve the retention and the resolution factors for the resolution of racemic compounds containing a primary amino group. However, the size of the protecting acyl group should not be too bulky. As a protecting acyl group, acetyl or butyryl group seems to be good enough for the improved retention and the improved resolution. However, the separation factors were found to decrease slightly when the unreacted residual aminopropyl groups of the CSP are protected by an acyl group.
Experimental Section
Preparation of CSPs. CSP 2 was prepared by bonding (+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid 1 (1.2 g, 2.7 mmole) to aminopropylsilica gel (10.8 g, Kromasil 5 µm, 100 Å) via the same procedure as that reported previously except with the use of 2,6-lutidine instead of triethylamine. 4a Based on the elemental analysis of aminopropylsilica gel (C, 5.45%; H, 1.47%; N, 1.74%) and CSP 2 (C, 9.60%; H, 1.14%; N, 1.57%), the surface concentration of the chiral selector calculated according to the equation reported 9 was 0.70 mmol/m 2 . CSP 2 thus prepared was divided into four portions. One portion was reserved for column packing. Each (2.6 g) of the other three portions of CSP 2 was suspended in benzene (60 mL) in 150-mL two-neck round bottom flask equipped with a Dean-Stark trap, a condenser and a magnetic stirrer. The heterogeneous mixture was heated to reflux to remove water azeotropically. After the complete azeotropic removal of water, benzene was removed by rotary evaporation. Dried CSP 2 thus obtained was suspended in dry methylene chloride (50 mL) and then 2,6-lutidine (1.66 mL, 14.3 mmole) was added. To the stirred heterogeneous solution was slowly added a solution of acetyl chloride (0.92 mL, 12.9mmole), butyryl chloride (1.34 mL, 12.9 mmole) or pivaloyl chloride (1.59 mL, 12.9 mmol) in dry methylene chloride (10 mL), respectively at 0 o C. The whole mixture was stirred for 2 h at 0 o C and then for 24 h at room temperature. The modified slica gel (CSP 3, CSP 4 or CSP 5) was washed successively with methanol, acetone, ethyl acetate, methylene chloride, hexane and ether and then dried under high vacuum. Based on the elemental analysis of CSP 2 and CSP 3 (C, 10.54%; H, 1.17%; N, 1.50%), the surface concentration of the acetyl group of CSP 3 was calculated to be 1.17 mmol/m 2 . Similarly, based on the elemental analysis of CSP 2, CSP 4 (C, 10.90%; H, 0.97%; N, 1.50%) and CSP 5 (C, 10.87%; H, 1.16%; N, 1.54%), the surface concentration of the butyryl group of CSP 4 and the pivaloyl group of CSP 5 was calculated to be 0.81 µmol/m 2 and 0.63 µmol/m 2 , respectively. Each of four CSPs thus prepared (CSPs 2, 3, 4 and 5) was slurried in methanol and packed into 150 × 4.6 mm I.D. stainless steel HPLC colmn by using a conventional slurry packing method with an Alltech slurry packer.
Chromatography. Chromatography was performed with an HPLC system consisting of a Waters model 515 HPLC pump, a Rheodyne model 7725i injector with a 20 µL sample loop, a Waters 2487 UV Dual λ Absorbance Detector and a YoungLin Autochro Data Module (Software: YoungLin Autochro-WIN 2.0 plus, Seoul, Korea). The temperature of the chiral column was controlled by using a JEIO TECH VTRC-620 Circulator (Seoul, Korea).
Racemic or optically active analytes used in this study were available from previous studies. 4, 6 Elution orders were determined by injecting configurationally known samples. Column void volume was measured by injecting 2,6-lutidine, which was known as an unretained analyte. 
